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I, INTRODUCTION

Purpose: This report is written to clarify the problems with current
sampling and analytical techniques for isocyanates in spray painting
operations.

Problem: The obvious disconnect between observable levels of paint

aerosol and the levels of isocyanate detected in paint spray environments led
to questions regarding the utility of analytical and sampling methods.

Scope: We will address the following issues: respirator choice,
sensitization, analytical and sampling technics.

II. DISCUSSION

Much effort has gone into attempts to control isocyanate vapor by pre-
polymerizing most of the monomer in the manufacturing process. Even though
this is done, the resulting polymer is still an isocyanate and has isocyanate

toxic and sensitizing potential. If brought in contact with the lung, both
acute toxic and sensitizing reactions may occur. Since the aerosol contains

both free and polymerized active isocyanates, it must be prevented from
reaching the respiratory tract and skin. Adequate information exists to
justify the belief that vapor, aerosols, and dust from the isocyanates can
sensitize.(1,2,3,4,5) Longley (2) reports acute toxicity in twelve men 120
feet downwind from a spray operation with a methylene bisphenyl isocyanate
(MDI) paint. They suffered the acute, irritative asthma which can be expeuted
from contact with high levels of the isocyanates. Since The vapor pressure of
MDI is quite low (5 x 10- 6 torr) the cause of toxicity was most likely aerosol.(5)
White (6) reports on upholstery workers in a car factory who suffered asthma
attacks. They cut and sewed isocyanate foams. Isocyanate vapor concentration

from personal samples was 0.003 PPM. Foam particulate may have been the
problem. Patty's (4) notes that polyurethane foam particulate is capable of
producing lung sensitivity in animals. To some degree this is may be related
to amines in the reacted polymer rather than any remaining unreacted

isocyanate, but that can't be all of the problem because a sensitivity does
develop to the isocyanate moiety. This reaction is worth keeping in mind

because there is an enamel paint on the market which is used by our
maintenance people that contains isocyanate and comes in a spray can. They do
not list isocyanate on the MSDS because they believe that no sensitivity can
result because they place fully reacted polymer in the paint. This is not the

case. All precautions that apply to other isocyanates apply to this one.
Zenz (1) states that isocyanates may enter the respiratory tract as dusts and
aerosols as well as vapor and cause sensitization. Some of the variability in
exposure levels below which no sensitivity to isocyanate was found (from 0.003
to 0.07 PPM) may be accounted for by failure to include isocyanate aerosol and
dust, in the measurement.(3,7,8,9,10,11,12) When the foregoing factors are
considered and added to the problems with collection and analysis which are
detailed below it becomes obvious that the professional judgment of the
members of the occupational health team is the critical factor

. . . . . .. . . .... . .. . .. .1



in determining the level of protection required, not the number reflected in

the sampling result.

The analytical method used by the Air Force and OSHA Method 42 are based

on NIOSH Method 2535. NIOSH 2535 is based on OSHA/NIOSH method 5505. Let us
first consider 5505 (see Appendix B). This is the impinger method. On page I

of 5505 there is a block titled accuracy which contains the following, "The
range of usefulness has not been studied. The bias has not been determined.

The precision has not been evaluated." In a block labelled applicability on
page 1, the statement would lead you to believe that this method is good for

any form of isocyanate; however, on page 4, in a block labelled evaluation
method, we find that the method was evaluated using monomeric toluene
diisocyanate. Thus there is no data to justify its use except with
monomers. Subsequent testing at NIOSH determined that the method did not

accurately measure anything but monomer, and not that if it was inhibited. In
belated recognition of this fact, NIOSH retracted the method in the September

1987 Applied Industrial Hygiene.(17) It is difficult to tell which of the
many problems witn this method is the major problem when you read the
retraction. All other methods are departures from Lhis troubled method. On

page 1 of 5505 under the block, "other methods" it says that other methods are

for monomeric species only. Particular reference is made to P&CAM 326. OSHA
42/NIOSH 2535 is a revision of P&CAM 326. Most paints today are

prepolymerized and could not be measured with these monomeric methods, even if
they worked properly. When we address the OSHA 42/NIOSH 2535 method, we find
that, in addition to being designed for uninhibited monomers, the flow rate is
too low, one liter per minute, to effectively pick up aerosol. The effective

capture velocity is 1.55 cm/sec at that flow rate (See Appendix A). This will
miss the majority of aerosol. It is noted on page 4 of 2535 that the samplers

were poor collectors of aerosol. They start off by saying that the method
collected 90% of the aerosol; however, the 90% that is collected is in the
range of 0 - 2.8i. Spray from air guns starts at about 10p, so little of the
spray will be collected. Aerosol is a source of sensitization. Humans can

readily inhale particles up to 6 0p. The particles need not reach the lung to
cause sensitization. Anywhere on the respiratory tract epithelium is

sufficient. From the foregoing it can be seen that use of this method in a
spray paint environment misses the vast majority of the isocyanate.

As we neared publication, NIOSH released a new method, 5521, for
isocyanates. This method will not characterize aerosol environments either as

the flow rate remains too low, one liter per minute. In the applicability
statement of the method, it is noted that the method is qualitative only for

polyisocyanates since it measures them low. This method adds nothing
significant to the analytical armamentarium. A copy of the method has been
added to Appendix B.

The methods were designed for use with uninhibited isocyanates. The days

of uninhibited isocyanate paints ended in 1976. On page 11 of OSHA 42 under
interferences, in 3.6.2 we find that amines, alcohols, phenols, carboxylic
acids and anhydrides are interferences. Some of these are readily found in
paint shops. Worse, some of them are actually in the modern paints. Because

they interfere with isocyanate polymerization, they are used as inhibitors.
Specifically amines, alcohols and phenols, among other chemicals, are used to

2



mask the isocyanate to prevent the polymerization reaction until a more active

chemical knocks it off. This means they won't react in the test, as the
inhibitor is more tightly bound to isocyanate than the test reagent. There is
currently no method which will measure inhibited isocyanate. Unfortunately,
the isocyanate will still cause sensitization. The inhibitors themselves are
often toxic. They do not need to be listed on the paint labels because they
have not been demonstrated to be toxic as used in the paint. Amines, phenols,

and anhydrides are sensitizers.

To summarize, the test methods for isocyanate are designed for use with

monomeric, uninhibited isocyanate in the vapor form. We almost never
encounter uninhibited, monomeric isocyanate any more. Most of our paints
today are blends of several types of prepolymerized isocyanates with both
promoters and inhibitors. In today's paint even the monomer may be
inhibited. As a result of the foregoing, our analytical methods are
completely unable to characterize a spray paint environment. Only the
professional judgement of the industrial hygienist has any value in this arena
right now. The test results give a false sense of security, since they
grossly underestimate the environment.

Other methods for measuring have been suggested in the AFOEHL
Newsletter. The use of the percentage of isocyanate in the solid portion of
the paint times the amount of aerosol measured as a nuisance dust is one

suggested method. Another option is to sample for pigment. You will need the
MSDS or some other source containing the following information for the paint
in use: concentration of the pigment, isocyanate monomnr and total isocyanate
including biuret if any. Air sample for the pigment, mark the sample "pigment

for isocyanate" and submit to AFOEHL/SA as usual. Based on the reported
pigment concentration, the monomer and the total isocyanate concentration can

be calculated by multiplying the pigment concentration by the isocyanate/
pigment ratio to determine the total isocyanates. The monomer can then be

,:n . g the pon3r perzcntage r f the tci1al isocyanates. Proper
respiratory protection can be determined by making some conservative
assumptions, and giving proper consideration to the circumstances and the
calculations which follow. No air purifying respirator has been approved for

use with isocyanates. This is because the odor threshold for isocyanates is
20 times the STEL and 80 times the TLV. Therefore no warning property exists
which would indicate respirator failure. Tt is well known that charcoal
canisters do not filter aerosol efficiently. As much as 50% of the chemicals

present in the aerosol may easily pass directly through the filter. This
necessitates the use of particulate pre-filters. It should also be noted that
the presence of humidity may alter the efficiency of a filter. The useful
lifetime of charcoal is reduced 50% by 30% relative humidity (RH) at room

temperature. It is further reduced 50% by 70% RH at room temperature. Now,
continuing our calculations, assume the monomer will completely volatilize
while the polymer remains in the aerosol state. If the monomer calculates to
greater than 0.005 mg/m 3, then airline respirators will be required. If not,

then fullface, negative pressure, organic vapor cartridges with pre-filter can
be used. Protection for the skin of the face is necessary because isocyanates

are skin sensitizers and is better accomplished with the fullface respirator
than it is with goggles. Since the isocyanates are skin sensitizers as well
as lung sensitizers, protection must be afforded for the skin. This is

3



especially true since lung disease has been shown to develop as the renault of
skin expo3ure. Lung exposure can produce dermal sensitivity as well. Only a
full face respirator or hood can protect the skin of the upper face from
exposure.

Again, in summary, if air purifying respirators are to be used, then their
use should be restricted to a minimum, and only fuilface respirators with
charcoal canisters and high efficiency pre-filters should be used. In an
ongoing spray environment, only supplied air should be used. Short duration
of operation should not be used as a reason to minimize prote,2tion. Tnere is
evidence that excursions of isocyanate may be more meaningful than averages in
creating disease.(3,14) Hyperactive small airways disease has been documented
in workers wearing organic vapor respirators exposed to the very low
isocyanate levels of 0.002 PPM to 0.005 PPM. Some of these workers did not
demonstrate subjective symptoms and so were unaware of their dioease.(9,10)
Commonly used text books of occupational health (1,13) state repeatedly that
even where isoCyanate vapor levels may not be a problem, if isoayanaa is used
in a spray operation, a serious hazard exists.

If there is concern that in spite of your best efforts a problem remains,
then pulmonary function tests pre- and post-work may prove useful. A
significant decrease in the FEF 25-75 between pre- and post-work tests, even
in an asymptomatic individual, is cause to believe that sensitization has
occurred. Immediate removal from work with isocyanates and referral for
pulmonary workup is warranted.

IMl. CONCLUSIONS

The most certain respiratory protection for isocyanate paints is a
supplied air respirator worn at any time an operation is in progress,
regardless of application duration.

Unprotected individuals should be removed from any possibility of contact
with overspray from spray operations. If spraying is done in an open area
such as a hangar, it is not possible to adequately protect others in the
hangar short of removing them or putting them in respirators.

Be extremely careful of' downwind wjkzro ,,h-n spraying. Recorded episodes
of severe, acute toxicity have occurred over 120 feet downwind.

i4
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FORMLA: NODISOCYANATE GROUP

METHOD: 5505
M.W.: varies ISSUED: 2/15/84

OSHA: C 20 ppb (MDI and 101) PROPERTIES: depend on R- to which isocyanate group

NIOSH: 5 ppb/lO hr; 20 ppb/l0 min is attached; R- may be aromnatic,
(di isocyanates) (1) aliphatic, mronomeric or polymieric

ACGIH: C 20 ppb (MDI); 5 ppm (TO!)

61 SYNONYMS: various [1), including 4,4'-methylenediphenyl isocyanate (MDI; CAS #101-68-8);

2,4-toluene diisocyanate (TO!; CAS #584-84-9).

SAMPL ING MEASUREMENT

SAMPLER: IMPINGER !TECHNIQUE: HPLC, UV DETECTION
(solution of l-(2-methoxyphenyl)-!
piperazine in toluene) !ANALYTE: l-(2-mfethoxyphenyl)piperazine

FLOW RATE: 1 1/mmn !PREPARATION: acetylate analyte; evaporate
* toluene; dissolve residue in methanol

VOL-MIN: 350 L
-MAX: 600 L !INJECTION VOLUME: 10 iJI

SHIPMENT: in vials; flammnable liquid !MOBILE PHASE: 50/50 acetonitrile/O.015 M sodium
acetate; pH 6; 1.5 mI/mmn

SAMPLE STABIT'Y: > 2 weeks
!COLUMN: octylsilylated silica (CS), 10-lim

BLANKS: 2 to 10 field blanks per set + 1 particle size, 25 cm x 4.2 mr
initial reagent blank

!DETECTOR WAVELENGTH: 254 rim

ACCURACY !CALIBRATION: solutions of l-(2-methoxyphenyl)-

* piperazine in methanol
RANGE STUDIED: not studied

!RANGE: 0.24 to 3.5 jinol NCO group per samp~le

BIAS: not determined
!ESTIMATEU LOD: 0.2 pmrol NCO group per sample

OVERALL PRECISION (sr): not evaluated
!PRECISION (sr): 0.048 [2)

APPLICABILITY: This method is used to determine the total concentration of the isocyanate
group, regardless of the miolecule to which the isocyanate group is attached. Monomneric
isocyanates can be individually determined with this sampling reagent [3). Concentrations of
ureas from monaneric isocyanates and l-(2-methoxyphenyl)piperazine can be determined
simultaneously. NIOSH has used this method to sarrpl0 for isocyanate groups and monomneric
2.4-toluene diisocyanate in a urethane foamu manufacturing plant.
INTERFERENCES: Phosgene, acid halides and possibly sane esters will react with
1-(2-methoxyphenyl)piperazine. consume reagent, and cause a positive bias.
OTHER METHODS: P&CAMi 141, 142, 326, and 347 [4,5,63 are for monomneric species only and which
are subject to amine interference or use an unstable derivatizing agent. Recent reviewrs have
been published [7.81.

2/15/84 5505-1
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ISOCYANATE GROUP METHOD: 5505

REAGENTS: EQUIPMENT:
1. Sampling medium:* 1. Sampler: midget impinger, 25-nt.

1-(2-mthoxvphenyl)piperazine in 2. Personal samwpling pump, 1 L/mn, with flexible

toluene (see APPENDIX). connecting tubing.
NOTL: Reserve 10 mL of this 3. Glass-marking pen.

solution for analysis (step 15). 4. Liquid chrcwatograph with'a UV detector, recorder,
2. Acetic anhydride. integrator and column (page 5505-1).

3. Methanol.* 5. Ultrasonic waterbath.
4. Acetonitrile. 6. Vials, 20-m. glass, with polypropylene-lined screw

5. Deionized water. caps.
6. Pentane. 7. Vials, 4-mK glass, with screw caps.

7. Sodium acetate, anhydrous. 8. Pasteur pipets, 7-on glass, disposable.

8. Acetic acid, glacial. 9. Volumetric flasks, 10-mL.
9. Nitrogen. 10. Syringes, sizes appropriate for preparing standard
10. Toluene.* solutions.

11. Calibration stock stolution, 11. Pipets, 2- and 15-mL glass, delivery, with pipet
1 pg/pL. Dissolve bulb.

l-(2-methoxyphenyl)piperazine in 12. Hotplate.

methanol. 13. Beakers, 250-mL.
12.-Mobile p:Ase. Dissolve 1.2 g 14. Evaporator, Mini-Vap. 6 port, n, eqjivalent.

sodium acetate in 1 L deionized 15. Flask, filtration, 500-mt.
water. Add 1 L acetonitrile. Add 16. Funnel, Buchner, fritted glass, medium porosity,

glacial acetic acid as needed to 100-mt.

bring the-pH to 6.0. 17. Vacuum pump.

18. Flask, 50-mL, round bottom.

*See Special Precautions. 19. T-adapter, with stopcock.

20. pH meter.

SPECIAL PRECAUTIONS: Sample and standard preparation should be done in hood to avoid exposure
to toluene and methanol vapors.

SAMPLING:
1. Calibrate each personal sanpling pump with a representative sanpler in line.
2. Transfer 15.0 mL sampling medium to an inpinger. Mark the solution level on the impinger

with a glass-marking pen.

3. Connect the assembled impinger to a sanpling pump. If it is necessary to add solvent

during sampling for proper inpinger operation, add only toluene. Do not add more sampling

medium.
NOTE: If an area sanple is being taken, the inpinger may be packed in ice during samrpling

to retard toluene losses.

4. Sample 350 to 600 L of air at a sampling rate of I L/min.
5. Bring sample solution level back to the pre-sanpling mark (15.0 mL) by adding toluene.

6. Transfer the samrple solution to a 20-mL vial for shipment. Do not rinse the impinger.

SAMPLE PREPARATION:
7. Transfer a 2-mL aliquot to a 4-mL vial for evaporating.

8. Add 10 UL acetic anhydride to acetylate the l-(2-methoxyphenyl)piperazine.

9. Evaporate toluene from sample under a stream of nitrogen while warming the sample on a 40

to 50 OC hotplate.

2/15/84 5505-2
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METHOD: 5505 ISOCYANATE GROUP

10. Add 200 VL methanol after sample has reached complete dryness.

11. Agitate sample in an ultrasonic bath for 15 min to dissolve residue.

CALIBRATION AND QUALITY CONTROL:

12. Prepare working standards (25 to 450 ug/mL) by adding appropriate aliquots of calibration

stock solution to 2 to 3 mL methanol in a 10-nL volumetric flask. Add 10 pL acetic

anhydride. Mix and dilute to the mark with methanol.

13. Analyze working standards together with samples and blanks (steps 16 through 18). Prepare

a calibration graph of area vs. amount (Vg) of l-(2-methoxyphenyl)piperazine per 15 mL
original solution.

NOTE: The amount present in an original 15-mL sample is 1.5 times the concentration of the

analyzed solution: (0.2 mL/aliquot) * (7.5 aliquots/sample).

14. Prepare control samples by adding a known amount of a monomeric isocyanate to 15.0 mL

sampling medium and performing steps 7-11 and 16-19.

15. Analyze three 2-mL aliquots of the sampling medium from the same batch used for sdnpling

(Reagent 1.).

NOTE: These are not the same as field blanks.

MEASUREMENT:

i6. Set up the HPLC system according to manufacturer's recommendations and to the conditions
"given on page 5505-1.

17. Inject a 10-1jL concentrated sample aliquot.

18. Measure peak area.

CALCULATIONS:
19. Read amount, Ms (pg), of l-(2-methoxyphenyl)piperazine per 15 ml sarrple from

calibration graph for each sanple.

20. Calculate the initial amount of reagent, pg, present before sampling, MI, by averaging

the amount determined for the three samples prepared from sampling medium not taken into

the field (step 15).

21. Calculate the concentration of isocyanate groups, C (prnol/m
3 ), in the air volume

sampled, V (L):

C = (MI - Ms ) " 103  U~nl /M3(192.26) - (V)'

where 192.26 is the molecular weight of l-(2-mnthoxyphenol)piperazine.
EVALUATION OF METHOD:

Lab-tested with 2,4-toluene diisocyanate spiked samplers with independent quantitation of

isocyanate groups from measurement of isocyanate urea [2]. The average recovery for the sample

preparation procedure of l-(2.-ethoxyphenyl)piperazine, as the acetyl derivative, was

determined to be 96% over a range of 8.2 to 813 pg per 15-mL sample. Toluene solutions of

l-(2-methyoxyphenyl)piperazine (15.7 pg per 15-mL sample) were stored at room tenrperature for

two weeks with no loss of l-(2-methoxyphenyl)piperazine. Precision was determined from the

analysis of 21 samples which were prepared by adding known quantities of monomeric 2,4-toluene

diisocyanate (0.24 to 3.2 prmole) to l-(2-,nthoxyphenyl)piperazine in toluene (43 pg/mL).

REFERENCES:

[1] Criteria for a Reconmended Standard.. .Occupational Exposure to Diisocyanates, U.S.

Departrrent of Health, Education, and Welfare. Publ. (NIOSH) 78-125 (1978).

2/15/84 5505-3
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ISOCYANATE GROUP METHOD: 5505

(2) Seymour, m. j. "Determination of Isocyanate Group Concentrations in Air by Derivatization
with 1-(2-Methoxyphenyl)piperazine and Analysis by High Performance Liquid Chrnmatography"
(in preparation).

[3) Warwick, C. J., D. J. Bagon and C. V. Purnell, Analyst, 106, 676-685 (1981).

[4) NIOSH Manual of Analytical Methods, 2nd. ed., V. 1, P&CMi 141 and 142, U.S. Department of
Health, Education, and Welfare, Publ. (NIOSH) 11-157-A (1917).

[5) Ibid, V. 6, P&CAM 326, U.S. Department of Health and Human Services, Pubi. (NIOSH) 80-125

(1980).
(6) Ibid, V. 7, P&CA/M 347, U.S. Department of Health and Human Services, Publ. (NIOSH) 82-100

(1982).
[1) Melcher, R. G., Anal. Chem. 55. 40R-56R (1983).

[8) Purnell, C. J. and R. F. Walker, Anal. Proc. 18, 472-478 (1981).

APPENDIX:

PURIFICATION OF 1-(2-METHOXYPHENYL)PIPERAZINE AND PREPARATION OF SANPLING MEDIUM:
Place 25 g l-(2-methoxyphenyl)piperazine (yellowish white solid) in a 250-mL beaker. Add
approximately 125 mL pentane. Bring to a boil on a hotplate and allow to boil until all but a

small amount of yellow oil is in solution. The l-(2-methoyphenyl)piperazine will melt as it is
warmed in the pentane. Decant the solution into a clean beaker, cover with a watchglass and

then cool in the freezer for 2 to 3 hrs. White fluffy crystals will form. Filter with a
Buchner funnel. Transfer the crystals to a 50-mL round bottcm flask and dry briefly under
vacuum to remove final traces of pentane. Store the hygroscopic crystals in an air-tight

container in a refrigerator. The melting range of the crystals is 26-29 °C.

Prepare the s-pling medium using the purified l-(2-methoxyphenyl)piperazine. Dissolve this
reagent in toluene at a concentration of 43 g/imL.

METHOD WIRTTEN By: Martha Seymour and A. W. Teass, Ph.D., NIOSH/DPSE.

2/15/84 5505-4

16



FORMJLA: CAN702  TOLUENE-2,4-01 ISOCYANATE
NJOSH MqETHOD: ZS35

M.W.: 174.16 ISSUED: 8/15/87

OSHA: 0.02 ppm (ceiling) PROPERTIES: liquid; MP 19.5-21.5 *C; NP 251 'C;
KIOSH: 35 v"9wi/10 hrs; 140 Vg/m'/10 min density 1.224 gAmL # 20 *C;
ACGIN: TWA 0.005 ppm; STIEL 0.02 ppm VP ca. 1.3 Pa (0.01 = Ng ; 0.96

(1 ppm . 7.12 i/03 9 KTP) "1//') @20 C

SYYONM: 2,4-TDI; 2,4-bis(carbonylamino)toluerne; CAS 0584-44-9.

SAMPLING MEASUREIENT

SAMPLER: TUBE WITH REAGENT-COATED GLASS WOOL !TECHNIQJE: HPLC, IV DETECTION
(-[(4-ni trophenyl )methyll -
proplmine on glass wool) !AMALYTE: 3,3'-bis[(4-nitropheIl)wethyl)-

3,3'-dipropyl-1,1'-(4-mthyl-1,3-
FLOW RATE: 0.2 to 1 L/min phenylene) diurea (2,4-TDIU)

VOL-MIN: 2 L 9 0.14 as'. IRECOVERY: 2 mL CH3OH; ultrasonic bath, 3 min
-AX: 170 L

!INJECTION VOLUME: 50 pL
SHIPMENT: protect frm light

!8CGILE PHASE: 55:45 (v/v) O43CN:H 20 with
SAMPLE STABILITY: at least 14 days 925 C [1]1 0.08% Et3N and 0.16% H3P04;

1.0 aL/min
STABILITY OF REAGENT ON GLASS WOOL:

7 days 2 0 Z5 C; > 4 weeks 0 -21 *C !DETECTOR: UV @ 254 f

FIELD BLAKS: 10% of samples !COLUMN: 25 cm x 4.6 mm; octadecylsilylated
_ silica, 5-vm particle size

ACCURACY !CALIBRATION: standard solutions of 2,4-TOTU in
C"30H

RANGE STUDIED: 0.039 to 0.53 mg/mf[1]
(67-L samples) !RANGE: 0.3 to 25 pg 2,4-TDI per saple

BIAS: none found (13 !ESTIMATED LO0: 0.1 p9 2,4-TDI per sample

OVERALL PRECISION (sr): 0.033 [1) !PRECISION (sr): 0.067 [1)

APPLICABILITY: The working range is 0.004 to 0.35 ppm (0.03 to 2.5 "'.) for a 10-L air
saple. This method is applicable to isocyanate vapors (2,4-TD! vapor, 2,6-TOI vapor, and
hexmethylene diisocyanate (HOI) vapor) (2,3), but not aerosols because of inefficient
collection of aerosols and incomplete reaction of aerosol isocyanates with reagent.

INTERFERENCES: The reagent is slightly unstable in the dark at 25 *C. Tailing during HFLC, a
result of reagent deterioration, may raise detection limits .

OTHER METHODS: This revises P&CAM 326 [4). Sang8 used similar HPLC conditions (5]. Melcher
reviewed methods for isocyanates [6].

8/15/87 2535-1 NIOSH Manual oF Analytical Methods
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TOL.UENE-2.4--0I SOCYANATE METHOD: 2535

RAGENTS: EQUIPMENT:
1. 2,4-TDI* (see APPENDIX IL 1. Sampler: glass tube Sc. x 6 - ID, containing

2. m_-[(4-nitrophenyl)methy1 two sections of reaescoated glass wool (see
propylamine hydrochlori& APPENDIX C); front 'sedon, 7 w long; back

3. 2,4-TDIU (see APPENDIX & section, 5 mm long. lbgent-coated glass wool is
4. Methanol, chromatographkquality. compressed tightly. Sal ends of sampler with
5. Calibration stock soluti, plastic caps. Wrap miection of sapler with

10 mg/&. Dissolve 50 q black tape. Protect Imler from light. Sampler
2,4-TDIU in methanol toie 5 mi way be stored at -21 uin the dark for at least
solution. four weeks. Limit peibd of storage of samler at

6. Water, distilled. 25 *C in the dark to men days.
7. NaOM, 1 K. 2. Separatory funnels, !5mi.

S. Toluene. reagent grade. 3. beakers, 50- and 125-a
9. Dichlorwiethane, reagentrade. 4. Aluminum foil.

10. Hexane, reagent grade.* 5. Glass wool, silanized.
11. Nitrogen, purified, cossed. 6. Glass rod, 15 ca x 4 a
12. Mobile phase. Mix 0.8 9 7. Tweezers.

triethylmine and 1.6 it S. Glass tube with right-ogle bend, 4.5 ca x 6 m O,
H3PO4 with 1 L 55:45 wrapped with black tap
CJi3C:H2O (v/v). t  9. Rubber tubing, opaqueKS cm x ca. 8 m I.

13. Dibutylanine, 99% pure. 10. Personal sampling pmpt.O.2 to 1 L/min, with
14. letrahydrofuran, reagent.rade' flexible connecting ting.
IS. Broacresol purple indisor 11. High pressure liquid dpoatograph, 254-m IN

solution, detector, integrator',md colum (page 2535-1).
16. HCI, 0.05 . standardizt 12. Vials, glass, 2-mi, cw lined with PTFE.
17. 2,4-11I stock solution, 13. Pipets, 2-, 15-, and 2iL.

100 mg/mL. Dissolve SOmg 14. Ultrasonic bath.
2,4-TOI in dichloruyethw to 15. Syringes, 100-pL, r le to 1 yL.
make 5 m solution. 16. Syringes, lO--jL, readde to 0.1 pL.

17. Volumietric flasks, 5-4
'See SPECIAL PRECAAUTIOM 18. Buret, 50-wi.

19. U-tube, glass, 25 cm xI - ID, glass stopcocks.
r. Sorbent tube, glass, Icm x 6 am, coconut

shell charcoal, ca. l19mg.

SPECIAL PRECAUTIONS: 2,4-TKcan irritate the eyes and skin, and ca cause bronchial asthma
and allergic eczema. Flashpints of hexane, tetrahydrofuran and biethylamine are -26 OC, -17
"C, and -6 *C, respectively.

SMLING:
1. Calibrate each personalIpling pum with a representative saer in line.
2. Remove plastic caps fraipler. Attach one end of glass tubtwith right-angle bend

directly to inlet of ser with short piece of opaque rubberibing.
3. Sample 2 to 170 L of air* 0.2 to 1 L/min. Seal ends of saqI with plastic caps.

SAMPLE PREPARATION:
4. Transfer front and back ations of reagent-coated glass wool liseparate vials. A6d 2 nL

methanol. Seal vials.

5. Place vials into ultrasak bath for 3 min.

8/15/87 25,?-2 lIOS anual of Analyt ucl P*thods
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MET)(O0: 25TOLUENE-2.4-0I ISOCYANATE

CALIBRATION AND QUALITY CONTROL:
6. CAlibrate daily with at least five working standards over the range 0.3 to 80 Vg 2,4-TOIU

per sample (equivalent to 0.1 to 25 jig 2,4-TDI per sanple).

a. Prepare a series of standard solutions of 2,4-TMfU in methanol over the range of 0. 15 to

40 VjigL.
b. Analyze together with samples and blanks (steps B and 9).

C. Prepare calibration graph (peak area vs. j g 2,4-TDIu).

7. Determine recoveries from samplers in the range 0.3 to 25 jg 2,4-TDI per sample. Prepare

three s mples at each of three levels plus three media blanks.

NOTE: Recoveries should be quantitative. If recoveries are not quantitative, attempt to
determine the reason for error.

a. Prepare a series of standard solutions of 2,4-TDI In dichloruwthane in the range 0.06
to 5 -Nh-.

b. Connect a U-tube to the inlet of a sampler with a short piece of tubing.
NOTE: The length of tubing should be minimal to prevent losses of TDI by adsorption or

reaction on the inside wall of the tubing.
c. Connect charcoal sorbent tube to inlet of U-tube.(charcoal can adsorb contaminants of

air which would react with 2,4-TDI).
d. Draw ambient air through the charcoal tube, U-tube, and sapler with a samling Pum at

1 L/in.
e. Place 5 1L of a standard solution of 2,4-TDI into the U-tube.
f. Allow operation of the pup to continue for 20 main.

g. Analyze the samler for 2,4-TIU (steps 6 and 7 and 10 through 12).

MEASUREMET:
8. Establish chr atographic conditions indicated on page 2535-I.

9. Inject sample aliquot manually or with autosampier. Measure peak area.

CALCULATIORS:
10. Determine the mass (jg) of 2,4-TDIU found on the sample front (Mf) and back (Wb)

sections and in the average media blank front (Bf) and back (Bb) sections.

NOTE: If b > Wf/lO, report breakthrough and possible sample loss.

11. Calculate concentration, C, of 2,4-TOI in the air vol me saimled, V (L):

0.310 (Uf + 4 - Ef - Bb)
C = V mg/ '

where 0.310 - M.W. of 2,4-TDI/1l.. of 2,4-TDIU.

EVALUATION OF IETHO:
A variatiwon of this method which involved normal-phase HPLC (method P&A 326) was tested with
fortified sanplers and atmospheres generated with a diffusion cell [1,4]. Average recoveries

of 2,4-TDIU from front sections of reagent-coated glass wool were 0.97 to 0.99 after
applications of 1.0-, 2.1-, 9.9-, and 20.0-vg quantities of 2,4-TDI from a U-tube; sr was

0.067 (21 sanples, pooled). sr was 0.01- (2 9 samp,;, poolz-i) for 67-L smples at 0.039 to

0.53 wmg/rm. The independent method used for evaluation was that of Meddle and Wood [7).

Average concentrations ranged from 0.054 to 0.46 mg/m by the independent ethod (1].

Conclusive evidence for bias in the reagent-coated glass wool method was not found.

Breakthrough voltime was 71 L (0.53 "sg/m', 1 L/main); breakthrough volume was 279 L (0.14
mg/rm, I /mn). 2,4-TDIU was stable on coated glass wool at room temperature in the dark
for 14 days. The reagent, N-[(4-nitrophenyl)methyl)propylamine, is unstable [1).

8/15/87 MS35-3 K1OSH Kanual of Analytical Methods
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(OLUENE-2 .4-01 ISOCYANATE METHO0: M5

Evaluation of sanplers with 2,4-TD! aerosols was not performd. However, salers were

Inefficient collectors when aerosol particles were present in an atmosphere of

4,4'-ethylerediphenyllsocyanate (MOI). The collection efficiency of each samler for MIJ was

about 90% (flow rate, 1 L/main; total concentration of MDI in vapor and aerosol forms, about

0.52 mg/iml; mass median diamter of M0I particles, about 0.6 pm; geometric standard

deviation, about 2.2) [1).

REFERENCES:
(1) Tucker, S. P., and J. E. Arnold. Anal. Chem., 54, 1137-1141 (1982).

(2] Swinehart, G., K. Mulligan, C. Rice, R. McKay, N. Gener, and G. E. Burroughs.
"examethylene Diisocyanate Monontr and Prepolynr Characterization," presented at the
American Industrial Hygiene Conference, Dallas, TX (May 20, 1996).

[3) Carson, K. A. "Isocyanate Monitoring Using N--nitrobenzyl4-propylmine glass fiber
sampling tube," OEHL-82-OZ2EHl63HAE, Air Force Occupational Enviroriental Health
Laboratory, Brooks AF6, TX (1982); report (No. AD-A119901) available fro NTIS,

Springfield, VA 22161.

[4) NIOSH Manual of Analytical Methods, 2nd ed., Vol. 6, P&CAM 326, U.S. Departmnt of Health
and Human Services, Publ. (NIOSH) 80-125 (1980).

[5) Sang , C. J. Lig. Chromatoqr., 2, 763-774 (1979).
(6) Melcher, R. G. Anal. Chem., 55, 40R-56R (1983).

[7) Meddle, D. W., and R. Wood. Analyst (London), 95, 402-407 (1970).

[8) Hastings Vogt, C. R., C. Y. Ko and T. R. Ryan. J. Chroamtoqr., 134, 451-458 (1977).

METHOD REVISED BY: Sanuel P. Tucker, Ph.D., NIOSH/OPSE.

APPENDIX A: Determination of Purity of 2,4-TDI

Dissolve 480 tiL (365 mg, 0.00282 mole) dibutylamine in 10 mWL tetrahydrofuran. Add 100 JiL
(122 mg, 0.000701 mole) 2,4-TDI. Stir the mixture and allow to stand 6 min. Add a few drops

of bromocresol purple indicator solution. Prepare two additional sampqles in this manner.
Titrate excess dibutylanine with 0.05 M HCl. Calculate percent purity, P, of 2,4-TO1 for each

saMple:

p = (B - V.M) . 7O0.

where: B M Molar quantity of dibutylariine before reaction (0.00282)

V Volume of 0.05 M HCl (L)
M Concentration of HCI (0.OSM)

2 wNzr er of rroles of dibutyldnine required to react with 1 mole of 2,4-TDI
W Molar quantity of 2,4-TOI Aed to tetrahydrofuran solution (0.000701)

APPENDIX 8: Preparation of 2,4-TDIU [8)

Dissolve 1.03 g (0.00446 mole) N-[(4-nitrophenyl)uethyl)-propylair hydrochloride in 25 mL
water in a 125-mL separatory funnel. A d 15 mL I M NaOH and shake the mixture. Extract the

N-[(4-nitrophenyl)mrethyl)propylanine with 50 mL toluene, and separate the phases. Add a
solution of 262 UzL (321 mg, 0.00184 rmle) 2,4-TDI in 30 mL toluene to the solution of
N-[(4-nitrophenyl)methyl)propylanine. Collect the precipitate by filtration. Purify the

product by dissolving it in a wall volume of dichlorimethane and precipitating it with
hexane. Dry the product in vacuo (P 136 to 1?9 OC).

8/15/87 2S35-4 WIOSH &Knul of Aly-tical lMethods
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METHOD: 2535 T0LEN-2.4--01ISOMATE

APPENDTX C: Preparati of Reagent-Coated Glass Wool

Dissolve 300 mg (0.OO mole) l¢ 4-nitroptenyl)wethyl)propylmiine hydrochloride in Z5 i
water In a 125-mI sepmtory funnel. Add 15 L 1 M NaOH and sh~ake the mixture. Extract h*
-[(4-nitrophenl)mtf3prpylamine with 50 mL hexane. Transfer 40 Ut of the hexane solion

to a 50-cL beaker wihts wrapped with aluminum foil and contains 1.82 g silanired glass
wool. Under iim light.evaporate hexane from the beaker with the aid of a stream of nitrVen.
Knead the glass wool f a glass rod to produce a uniform coating. Continue tc tvaporatt
hexane until the glasswool appears dry. Protect the coated glass wool from bright light. The
quantity of coated glas wool is sufficient for the preparation of the front and back sedons
for twenty samplers.

I/V87 253-5 WIOSH Karual of AWlyticalvthods
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DI ISOCYANATEs

TOLUKNE -2, 6-DI ISOCYANATE (2, 6-TDI)
1 ,6-HEXAMETIIYLENE DIISOCYANATE CHDI)
TOLUENE-2,4'-DIISOCYANATE (2, 4-TDI)

Method no.: 112

Matrix. Air

Procedure: Samples are collected by drawing a known
volume or air through glass fiber filters
coated with 0.1 mg of 1-(2-pyridyl)piperazile
(1-2PP) which are contained in open-face
Ca3seLteI. Samples axre e!xtracted with 90/If0
(v/v) acetanitriic/dimethyl 3ulfoxide (ACN/

DMS0) and analyzed by high performance liquid
chromatography (HPLC) using an ultraviolet or
fluorescenice detector. (The coated filters
used in Method 4~7 for MDI are also acceptable
for this procedure. Those filters are coated
with I mg instead of 0.1 mg of 1-2PP.)

Recommended air volume
and sampling rate: 15 1, at a flow of' 1 L/min

Special requirements: It is recommended that coated glass fiber
filters be stored at reduce~d temperature until
used for nampling.

Status of method: A sampling and analytical method that has been
subjected to the ostablished evaluation
proct'durv.; of the Organic Metho-ds Evaluation

Date: February, 198.3 ChemisL: Donald Burrigt

Carcinogen and Pes3ticide Branch
OSHIA Analytical Laboratory

Salt Lake City, Utah
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(Title page continued)

2,6-TI HDI 2. 4 -751

Target concentration (O.;IdA PFI.)

pg/m 1.)to 140 14J0

ppb 20 20 20

Detection limit of the
overall procedure:

Pg/m' 1.6 2.3 1.3
ppb 0.?3 0.32 (J. 1

Reliable quantitation

limit:
Vg/m' 2.3 2.9 2.5
Opb 0.32 0.413 o.36

Standard error of estimate

at target concentration, %

(Section 4.9.) 7.63 7.79 6.89

(Air concentrations are baned on 15-L
air sample volume)
(ppb - part per billion)
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1General discussion

1.1. Background

1.1.1. History or procedure

Some of the earliest procedures to determine atmospheric
dilsocyanate concentrations were developed by Ranta and
Marcali (Her. ). 1. ) . Both or the%3e procedures are
inconvenient as they use a bubbler for 3ampling and their
colorimetric analyses arc non-spocific. A later sampling
procedure .USes.1 p-nltrobenzyl-N-ri-pr-opylanine (nitro
reagent) in toluene bubblers (Rcf. 5.2.). While this
method i3 specific for dilsocyanates, it sitill retains the
use of the bubbler and nitro reagenl. which is unstable
when store!d for long periods of time, feven if it is kept
at reduced temperature. The pa s t couple of years have-
seen :sevcral new derivatizing rcagent; being used,
N-mcthyl-l-naphthalenemethylamine! (Hef. 5.3.).
9-(n-methiyiaminomethyl)-anthracenei (Hef. 5.4L.) and 1-2PP
(Ref.555*.. The collection procedure of these new
studies all Involve the use of toluene bubblers. The
purpose ol' this s3tudy was to find ai collection system that
does not use a bubbler, yet retains the sensitivity,
precision and accuracy of the nitro reagunt method.

1-2PP 1:3 a suitable derIvatizirig reagent, when coated on a
gias:; fiber filter, for several reasons::

1) The high boiling liquid izi retainced on' a glass fiber
filter and stability Is not a probletr.

2) The rapid and exothermic reaction with both aromatic
and aliphatic uilisocyanates renults in derivatization
or, thie filter (Hef. 5.7.).

3) Trhe derivativ-:; have higher molar absorptivi ties in the
UV region than toni formed with nitro rfeagent which
all1ow:3 the e!xt.ractioti volume to be lairg,!r without loss

ol, :.leul:5i tivity (Her. 5.'5.).

Trhiij proeeduro oomptres favorable when test;ed side-by-side
with the nitr'o rnagent method by Curniri3 CHef. 5.10.) for

2.11-TDI. (Section 4.10.). Additional work is being done
to study i,LI-metylcnediphenylisocyanate (MVI) and iso-
phorone diisocyanate (IP'DI) using 1-2IPP as the d'&:riva-

tizing reagent.

1?-1
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. >.2. 1nxi c ,.trect.:3 (T,.n se L ior) i:, ror Inrormatio- only ,nd

should not be taken as a ba.is for U.11;IA poIlicy.)

Itnntinued Inhalation o" di ioocyanate. V;tp)or'- or, mli mt:; can

n iJ: ( t us e; , hcadach r , eou gh i ip, i rrit tton or I' n'to.-,

uiid throat , shortne;; or ti'ath iiid ehtst dtl ;eomn*,r-t.

M:i:;s j ve exposure PdM cauIC severe Cough I rtF p .la:;ms,

bronchiti: and chemical pneumonitin. e comV I1eople can

bcome sensitized to i3ocyanaten :,nd may ";u(fcr .stlimntic
rittacks and respir;atory distr s:n when nub.nquently expo:t'd
to very low concentration. (Itf. '..9.). Ilennt rtudtes
h:ive produced confli l.iig rnu. ts obout the mut:Ui,.nl,.Ity
,.' "I (lRer. 5.1. ;rld '.9.). No ,ltn h;:; b.,-n t'our1 t.,
indicate thait di Lnor:y;,nat.c. ;,ic c;ar'cinognnic or L.crato-
genic (Ref. 5.1. and ).9.).

1.1.3. Operations where exposure may occur

The manutactur,, of* polyurethane raums, coatings, and
cla. tomers potentially exposes a minimum oC 100,000
workers to diisoeyanates (Ker. 5.2.). Dilsocyanates can
be found in paints, insulation, adhesives, automobile
bumpers, shoe uoles, and hundreds of other applications
(Ref. 5.2. and 5.A.). Over 700 million pounds of
ditsocyanates were produced in 1975 (Ref. 5.2.).

1.1.4. Physical propertifs

?,6-TDI HDI 2,ta-TDI

(AS number 91-08-7 822-06-0 584-84i-9

MW 1-1.16 168.20 174.16
BP, *C 9 mm lig 96 e 1.5 213 P 760 251 @ 760
MP, DC 8 -55 22
Specific gravity
@ 75*C N/A 1.05 1.22

Vapor pressure, mm fig -N/A 0.05 0.025
CoIor All colorless to pale yellow
Odor All sharp pungent
Flash point (closed
cup), *C N/A 140 127

(N/A - Not Available)

Synonyms and structures - See Figure 1.1.4.

1.2. Limit defining parameters (The analyte air concentratiorfs listed
through this method are based on an air volume of 15 L and an
extraction volume or 2 mi..)

42-2
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1.2.1. Detection limit or thu. analytical proc,'dure

The detection limit of the analytical procedure is the

mass of analyte per injection which will result in a peak
whose height is about five times thu (amplitude of the

baseline noise. ("(ction 4.1.)

The D)etectlon L.imit of the Analytical Procedure

rig/ injection

2,6-'DI HIJI 2,'J-TDI

0.18 0.18 0.18

1.2.2. Detection limit of the over-all procedure

The detection limit or the overall procedure is the amount
of arialyte spiked on the sampling device which allows

recovery or an amount or analyte i:quivalent to the
detection limit or the analytical pro' edure. (Section
'1.2. )

The I)etection Limits of the Overall Procedure

2,6-TDI HDI 2,4-TDI

ng/sample 24 33 19
Jig/m 1.6 2.3 1.3

ppb- 0.23 0.32 0.17

1.2.3. Reliable quantitatlon limits

The reliable quantitation limit is the smallest amount of

analyte which can be quantitated within the requirements
of at least 75% recovery and a precision (1.96 SD) of ±25S
or, better. The reliable quantitation limits are higher
than the detection limits of the overall procedure to
sati:ify the precision requirement. (,oction ij.3.)

The ilcliable Quantitation L. imits

2,6-TDI HDI 2,4-TDI

ng/sample 34 Jj 39
p / 2 .3 ?.9 2.5

ppb 0. 33 0.J3 0.36
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Tee rel iabe qunnt1 ;tton 1imtn .rcI deL.,n I miLS

riported in the mnethod ;ir', h;t:rnd Ul',t' optiir-::tI , o th,

in:t;Lrim nt for the am.i I I-.iL poani thlo .imm~int. ol" ai;l O.r.

Whon Iho target concenLrat ion of" ati tl yLo 1:1 'X('pl i ll-

ally higher than th"fl limit.:n, they may noL ho10 :l .-t .I iihl

-t the routine operating p.aramieter..

.2. . ";-n. I t v ity

The n-nz;Itivity of .he, ;Inalyticail prncedure is d.,terminnd

by thu ';lope of thc eal ibraLkiri curve over a1 conentratLoll
rang(: 0.5 t.o 2 times LIhe LargeL conc ntratior,. The

nensitivity will vary s(xn(,w'h.t with the particular
in:trument used in the analysin. (Section 4.5.)

The Sen.;ItiviLy or tie Analytical Procedure

2, b :F-TI - HD 4 2,-TrDl

Area units

per ug/mL 85600 84300 159000

1.2.5. flh. overy

The recoveries of the analytes from samples used in the

1,-day storage tests remained above Lhe values presented

below. These values are determined from the calculated
regression lines of the storage graphs. (Section 4.9.)

Recovery, %

T OC 2,6-TDI HDI 2,'I-TDI

-25 86.3 81.1 81.3
22 86.4 83.0 80.3

The recovery of ,nalyte from the collection medium during

storagl must be 75% or greater.

1.2.6. Precision (Analytical method only)

The pooled coefficients of variation obtained from
rcplicatc determinations of analytical standards at 0.5, 1
and 2 times the target concentration are presented below.
(SePction 11.4 .)

42-4
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The Pooled Coefficients of Variation

2,6-TDI HUI 2, 4 -TD[

0.009 0.013 0.009

1.2.7. Precision (Overall procedure)

The overall procedure must provide resultzi at the target
concentrations that are ±25% or better at the 95% confi-
dence level. The precisions at the 951 confidence level
for the 18-day storage tent are presented below. (Section
4.9.) The reported value: each includi an additional ±5%
for :;ampliizg error.

Precision at the 9'-% Confidence Level, %

2,6-TDI IDI 2,4-TDI

14.9 15.2 13.5

1.2.8. Reproducibility

Five samples, prepared by vapor spikinkg, and a draft copy
of this procedure were given to a chemist unassociated
with this evaluation. The sampLes were analyzed after 6

days of storage at -250C. The dal.a listed below are

corrected for extra.tLion eficiency (Sec:tion 4.8.).

Hovery %

2, b -T.)[ HI)I ', -TD I

101.5 100,4 105.4

SD 1.6 2.0 2.4

1.3. Advantiges

1.3.1. The :sainpLtig and ,inalytical proceaur'.:c" are specific and
sensitive fur several diisocyanates employed in industry
(Ret. 5.7.).

1.3.2. The oollection syuttn is less cumbersome than the use of a
bubbl or.

1. .. 1-21 ' is more :t;abLe and less cxpenL..ve than p-nitro-

bet-.yi-N-n-propylanminc, (nitro reagent).

II; -
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The USC Of peak ratioS Lo conf r rin low voii'it.rat. Luii:; of tii i so,-ya -

nates is impractical due to the Small 1,t,:;pOn:-.v ;it 31 3 nm.

2. fZampl ing proceoure

2.1. A pptrat uz

2.1 .1 . :imples are el o et'Lod by Ii; of* ;I p.'r:lofti.1 :.Imll ifr 1-4111111

Mi;t can he cal ibraited Lo wI i i I n .14 :it, thi' r.'0'ItIIII'I'

flow r.ate with thit :;ampl log dovivo in I ino.

2. 1.2. A throc-ph'cc :3tyrolc, CaseLte' containing a gl10!s F'iber
filter coatt':d with 0.1 mg of' 1-211P and a bWickup pad. (See
IP,- 11. 13. 1.)

2. 1.3. Coated fIltors ar e prepared by applying 0.5 L V 3
so] ution or 0.?2 mg/mi. i-?pP In mrthylene chloride to each
glanis f'iber filter. The wid. filter3 are allowed to air
*dry before placing In a jar. Vacuum is applied to the jar
to remove rentidual methyloe 4.hlorldc. (The coated
"iltcrs used in Methodl If' for MD1 are also acceptable for
thin proeodurc. The:ne filter:s are coated with 1 mg of
1-2111 and are prepan~red as above exce*pt a 20 mg/mL solution
of 1-?PP in methylene chloride is uand.)

2.1.4. coatned rilter., should be ntored at reduced temperature as

a precaution.

2.2. Reagents

None are rr'quired.

2.3. Sampling technique

2.3.1. Remove the inlet cover from the three-piece cassette.

Save cover for installation after sampling.

2.3.2. Attach the cassette in the breathing zone of the employee
to be ponitored.

2.3.3. The recommended flow rate is I L/mln with a recommended
total air volume of 15 L.

2.3.4. After sampling for the appropriate time, remove the
namplirig device and reinstall the small plug and inlet
cover .

2.3.5. Wrap each sample end-to-end With an OSKA Form 21 seal.

4:2-6
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2.3.6. With each set of samples, submit -t 1.-ast one blank
sample. The blank shoulo be 3objected to the same
handling as the samples except that no air is drawn
through it.

2.3.7. Bulk samples iubmitted for analysis rnust be shipped in
sealed vials and In a separate container.

2.4. Retention efficiency

2.4.1. Experimental design

Due to present laboratory limitations, controlled test
atmospheres of dilsocyanates cannot effectively be
generated. However, the following procedure using a vapor
spiking technique was used as .in alternative to study
analyte retention. This was done to approximate the
recommend,!d open-face collection of di [:;ocyariates.

A glan;s syririge barrel equipped with a Iluer taper tip was
silanized and ilanlized glass wool wa:; placed into the
syringe. The .uer tip was inserted into the inlet part of
a cassette so that the tip was flush with the inside
surface of the cassette. The other end of the syringe was
attached to a sampling port. The outlet of the cassette
was attached to a vacuum pump. A critical orifice between
the cassette and the pump maintained a constant 1 L/min
flow rate.

Dry air samples were prepared by attaching a dry air
source to a manifold inlet. Humid air samples were
generated by passing air through watpr in a controlled
temperature water bath. The humidity wa3 monitored in the
sampling manifold via a humidity probe. The glass wnol
was spiked with diisocyanate in methylene chloride. The
desired quantity of air was then drawn through the glass
wool, at a Clow rate of I L/min, and onto the coated
filter, which was ana]yzed to determine analyte loss.

2. 4 . 2 . Retntion results

Humidity has an el'Vect on the ability of a glass fiber
filter" to ret:in drivati.ed diisocyanates. When a sample
of' ton timen the target concentration is vapor generated
and 200 L of dry lir (12% humidity) is drawn through the

filter, an average or 95 .11% of the diisocyanates is founc

on the coated filter. Only 1.2% is found on the backup

pad.

When higher relative humidity (R.H.) is added to the

sampling systtem, a different result is obtained. Samples,

4,1-7
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vz, por :1p1 I k'd with 20 L of ory Jir .L Ilir L.i gcL

concellratlon anld with humid air (78% R.H. ) piilled through

tnt a.LL' .t 3Vv-rdl knuwli .ir vuluni:I , blow .i 1 :i:i of

, iL)'y;in;,tP d( 'r v.iL vc. Ila:.ed on an xt.r;ipol ;it n or
Lh:;C reoul t: , tn(' recommn ndeji max imum air vol unit , ,otL '1
r),- ISO L. E'Xr-ix edirig L. hi:i amount. cnujld rer,nilL in I,:: . th.in
'11A rn ovrqry or trr 111 t , Ia: y:i:itc 'rtora i i t.h," o':;,,'I ,,
I :;-sc u n I .6,)

2.5. Extract , 0n rffi C I Pncy

The avurigi oxtraction ofr 'i ,i,,y f, ,,aii , i h, .ir~IyS.,:: ::' '. 1
at. the targeL cioCn r t k n ll .1 oa .t.t'd gL.i::: I I I I .
presented below. (Section 11.7.)

Average Extraction Efrlciencies, %

2,6-TDI HD1 2, 4-TDI

91.2 93.3 90.8

2.6. Recommended ;ir volume and :;unpling raLe

2.6.1. The reo'ommended air volume is 15 I..

2.6.2. The recommende;d :iir sampling rate is 1 L/lmn.

2.7. Interferences

Any compound, that could be collected on the glass fiber filter
that could react with the 1-2PP or compete with It In the reaction
to derivatize the dilsocyanate, hould be considered as an
Interference. Potential interfereses Ine.ude anhvdrides, amines,
alcohols and carboxylic acids.

2.8. Safety precautions

The sampling equipment uhould be attached to the worker in Such a

manner that it will not interfere with work performance or safety.

3. Analytical Procedyre

3.1. Apparatus

32.1. High performance liquid chromatograph equipped with UV
detector, manual or automatic sample Injector, and chart
recorder.

3.1.2. HPLC stainless 3teel column capable or separating
dii ocyanate derivatives. The column employed in this

42-8
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StkudY was i ?,cm x 4. 6 mm 1ID ZLj i b tec1 colu~mn
packed b~y AliLech with 10 micron C..

3. 1.-3. An eltectruni c Integrator, or Some Aother ut.'emethrofd C!
deLeirmi ni ng peak troas.

3. 1. 4i. V i -il1s, Il- nil, wi th Fctlori-l bied C~jp!;.

3.1.-5. Sy ri ngr!3 , or CO nv en ient s i ze for 2.imflp I (. aridl -;tannara
preparatiori jonr inji'ctions.

3. 1.6. Volumnetric p Ipe L Lce arid flaSk.-, fr-r reparation of
st an dirds.

3. 1.-7. Su I L.jbl r- gIa.-;ware ror pre p~i rnt, i on ir oii :;ocyanate urea
derivati vC.9.

3. 1.8. Micro-analytical ha lance ur, d Lu wei gn s tandard
preparation,-.

3.2. Reagents

37-2. 1. HVLC grade inethylorrein (hl or-i de , hexmitw, .2cetoni tri le, and
dimethyl smulroxidc.

3.2.2. HPLC: prado! waier . Our I iihoratory rcrnpl ry.; a commercially
avalla hie wat or r ilLr;.iLi on :j y:', L on for Uis Prepara tion of
HPLC bgracom' water.

3.2.3. 1-(2I-PyrldyI)pipetradzlne, Aldrich, Mitwitjkec*. WI.

3.?. 11. 2,6-ruI , Uar-bolhUibz, I ric., New Haven, M'.

3.2. 5. 111)1, Aldricrh, Mi Lwautke' ,, WI.

3.2.6. 2,14--bUI., Eatinain (:hemiual.3, Rochester, NY.

3.2. HPL.C grad(! ammoniumn -wctate.

%)C~A' g of' 1-?PI' in 100 mL ol' molthyl en: chloride . T .e
:;O1 it. in i:; thon I njL ,t hI t o 3'5 0 or 10 rn nute5s. The

proc)(t.t iz; pr-'eclp1 tijhed wi Lt ii hxani: , (preci pitat ion may
itlr-L witLvuL dtir,8 hexarie) ,filte'red, redi ssol ved in a

mini mal vol umne or' methyle'me chloride and repreci pi tat-d.
T hu precipitate i3 fiIler-ed and washed with hexane,

3



(.Ipproxim. tC y ele d i: ) g t I (1., ti Vd II V' -r b, II

J" ,'* d by v:.c1jrml . 'hI :' prh.Il r l.i fi i:: .1 It1 ll. i A i

i i- ir ,c e d u r ,' r'l , L ,d h y ;,) l . i . i1 (10 .1 .

)r ' : v;it I V02 O f t.i 0 .W O )I h.c I l :i: 'y.,klh At': ', 'I, ,t * Y

similar procedure.

3.3.2. Preparation of working t'ncge ,t.cdrr:t

A :;Lock sLandard :;oL ut Ion i preparrd by I sool vi i tn(,

d i .5ocyanate der I v. L I v r.-3 i iLo I)KM'. To x prt':), Lh,'

der i vF I e ;ii free di i 4ocyajj:cto , Lih nmcunt '%r 2P, i-i'DI arid

;',J -TD ure !3 welglcLd I :' Inil i I i. d ly LiU , i',c,

I 1CLor (1. 3L1"[)

MW TD[ 1741.16 o3ir
MW uron 500.f)3

'imilarlIy. the nonvcr:ilon r;ac(Lc)r ror 1iD urea 1:; 0.3400

MW 111)1 - 68..o
MW urea )194.640

ALl d i Iut Ion.i of Lh stock sol ut I ons are maOe with

at:.tonitrlle Lo arrive at the working range.

3. 4. Sample preparation

3.4. 1. The 3tyrene cassette i.n opened and the glass fiber filter

is placed into a Il-mtL vial so that the filter is flat

against the inside nurface' of the vial, not folded or

crumpled.

3- 4. Cr*rwo m,. of' tihe xLr,'tL I ng :ioiuLtIon. 90/10 (v/v) ACN/MSO,

3.4. Th! vial i i cih:ckq'r to rein(ov f large air bubbles from

between the fI I to'r ind the g I a:,. Let the vial set for

onef hour'.

42 - 10
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5.Analysis

3.5. 1.- Reversepho HI'LC condi tiori

Col.umn: 25 cm x 4. 7 mm 1tiD t~a in I :;. teel
column packed Witb 10 micron All-
Lech C. or suitable equivalent.

Mobile pha:3w-: 0.01 M ammonium icetate in 37.5/
62.5 ACN/waitcr (v/V) ddJUStea Lo pHl
6.? with ;tCcec tacid

Flow HZILC: I mL/rmin
UV Uetector: 2511 anfd 31 3 I'm
Fluorc--cenct' LDtecLUrV: ;140 nm OxcIL;tlirLo

370 rim em is71Ir
Injection :;ize: I0a pl-

3.5.2. Chromatogramns C Scitlon 41.11.)

3.5.3. An external stLandard procedure i s used to prepare a
calibration curve using at least 2 Stock solutions from
which dilutions are made. The calibratior curve !s
prepared daily. The :iamples are bracketed with analytical
standardni

3.6. 1Interferencesi

3.6.1. Any compound having the same retention time as the analyte
is a possitle interference. Benzaldehyde is an interfer-
ence for ?.i1-TDI urea using the aforementioned analytical
conditionn but isi nOL normally expected to be found.
Generally, chroinatogrlphic co nd it Ionn can be altered to
:;iparate an Inrterfcrencc.

3.6.2. Comfxunidu that can recact wi th ;, di i:iocyanaitc represent a
potential Interference. Th e.,ie include molecules
containing the followIng f unICt Io naLI groups: amines,
alculiol3, phcnoli, arid Carboxyl ic ;ici dn. Compounds, such
a., a'nhydr Iden , that will. react with 1-2PP should be
consldered a:3 potential int~erferences alno.

3.6.3. RLienion Ltme (in a :jingle~ column is n-it proof of chemical
Identity. Analysis by an ;iterriatc column system,
'ratlolng of wavehiiigth re:3ponse, and man;s spectrometry are
;iddl t. ionail moan:5 of ideontity. (:;nt UV spectra for
di isoeyanaite derivatives, Figures j1..J23)
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7; .cuIdt i on

Trie conecentr at ion in jig / mL o '011d tstcyst.ilto ni:.Ti i lIi~
GeterminedI from the arca responoe of tLho analytcn ;*m measured by
an electronic integrat~or or Ix,*-ik hi ghts . Comparison ti' sample
response wi th a le~ast gquarc:i vurve lit for :itanoarO5 i Iuwi tbc
analysLt LU G, Lormne nO u hc onvpnt.rat. i on of dli otyanalc in lip./mTL
for the- :i;imp1o'!. Since the :;.unpl.. volin if' 2 ml., Lnle ro.iiI11 in
Ljg/ m of a~ir 'ire cxpre:ined ny 1.hc foliowing rp.~i I on:

wgm i(p/mL)(2 mL)/(m' of' air strnplecl)(ExtravlioinI.

3. S afety preca-utions

3.8. 1. Avoid Zskin contact with all solvents.

3.8.2. Weair : ,31cty ;I:~c t 1Lt times.

3.8. 3. Avoid 4-x;osur, t.o the diintocyanates ntandarcs.

4.Backup data 3ection

4.1. Detection limit of the analytical procedure

The detection limit of' the analyticail procedure was 0.18 ng for
all three analytes. 'This amount produced ai peak whose height was
about 5 timen the height of the baseline noise. The injection
Size recommended in the analytical procedure (10 ipL) was used in
tne determination of the deteccton limit for the analytical
procedure. (Figure 4.1.).

4.2. Detection limit of the overall procedure

4.2.1. The following data were obtained by vapor spiking
incre~asing amounts of the analytes onto sampling devices.
The Injection size recommfended In the analytical procedure
(25 pjL) was used to determine the detection limit of the
overall procedure.

42-1 2
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FORMULA: TDI: CHICfh?(NCOI2  I SO'YAN4TES

MD:CN(CH4N~- METHOD: 552Y

HOI: OCN(CN.,)6NCO ISSUED: 5/15/Bq

M.W.: TO. 174.1t: MDI. 250.26; HD: 168.20

OSHA/NIOSH/ACGIH: Table 1PROPERTIES: Table1

SYNONYMS: Tabie I

SAMPLINO MEASUJREHENT

SAMPLER: IMPINGER !TECHNIQUE: HPLC, ELECTROCHEMICAL and UV

tsolutiofl of l-(2-methoxyphenyl 1- DETECTION

piperazine in toluene)

ANALYTE: urea derivatives of isocyanates

FLOW RATE: I L/min

SAMPLE PRED: acetylate excess reaaent, evaporate

VOL-MIN: 5 L ? 35 pg ToI/m3  toluene, redissolve in 5 mL CH3 OH

-MAX: 500 L

!INJ)ECTION VOLUME: 10 pL

SHIPMENT: ship in screw-cap vialI

refrigerated @ 4 *C or lower !MOBILE PHASE: acetonitrile (20%. to 401;)/pH 6.0

methanolic buffer (807. to 60'.);

SAMPLE STABILITY: may be unstable; perform I mL/min; ambient temperature

steps 8 & 9 as soon as

possible !COLUMN: Supelcosil, LC-8-DB, 3-pm particle size,

7.5 cm x 4.6 mm; 2-cm guard column,

FIELD BLANKS: 10% of samples .10-pm particle size

!DETECTORS: UV, 242 nm; ECHO, + 0.80 V vs. Ag/AgCl

ACCURACY !CALIBRATION: standard solutions of ureas in
methanol

RANGE STUDIED: not studied

!RANGE: 2,4-TDI: 0.5 to 8 pg per sample

BIAS: not known . 2,6-TOI: 0.7 to 10 pg per sample

MDI: 0.3 to 4 pig per sample

OVERALL PRECISION (sr): not known HOI: 1 to 15 pg per sample

!ESTIMATED LOD: ca. 0.1 pq diisocyanate per sample

PRECISION (sr): not determined

APPLICABILITY: The working range is from 5 pg/ma 2,4-TOI, 7 pg/rn3 2,6-TDI, 3 pg/rr 3 MDI.

and 1 pg/in3 HOI to more than 1 ma/m3 for 100-L air samples. This method determines the

air concentration of specific diisocyanates. Tne method is only qualitative for

polyisocyanates. as it Gave low evaluation results with both polyisocyanates used. The method

ha:, been applied to samplies fromr general foaming, spray- or dip-painting industries (1).

INTERFERENCES: Any substance which elutes with the ureas and absorbs ultraviolet lioht or is

electroactive will interfe-e with the analysis. Mobile phase conditions can be adjusted to

separate most co-elutinc peaks, however, ureas of HOI and TDi are difficult to separate.

OTHER METHODS: This method is a modification of Method MDHS 25 published by the Health and

Safety Executive of Great Britain [2,3). method 2535 is an alternate method for TDI vapor,

employing collection on class wool impregnatec with N-(4-nitrophenvlmethyl )propylamine.

552 1-1
5/15/89 NIOSH Manual of Analytical Methods
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ISQ7YANA'FC P~r IHOD 552

REAGENTS.: EOU I D- t'

1. '- -ehkoe )~vrzn' 99%.. 1. Samcier:i Mi doe t imoi noer., 25.-m..

Acetic annyorioe, reaaen:. oraat. . rofasampliflc oumcL /i.wt

3. Methanol, HPLC oracie. flexible connectinc tutuinc tree of phthialate

4. Acetonitrile, HPL[ orade. V18stIC12er.

5. Water, deionized. distilled. NOTE: Avoid coliectior o1 plasticizer in) the

6. Sodium acetate. annydrous. toluene ourinc sampling. riuranim tubing

7. Acetic acid. olacia>. is an acceotaol tuo'nc.

8. Nitrooen, 99.995".. 3 . Liouid chroniatoorapt (HPLC) with ultraviolet (UV)

9. Toluene, HPLC orade. detector (242 nm) and electrochemical (ECHO)

10. Sampl ino med iumn, detector (+ 0.80 V vs. Ag/Ao-l )., recorder.

l-(2-methoxypnenvy loiperazine inteorator and column (paaie 5521-1)

in toluene, 43 molL. 4. Ultrasonic water bath.

11. Ureas derived from the isocyanate. S. Vials. 4-mL glass, with scre.' caps and 20-ML class,

(See APPENDIX,, s crew caps wi th cone-shaped polIye thylIene i ner and

12. Dimethyl sulfoxioe, reacent, gradE. shrinkable sealing bands.

13. Mobile phase, acetonitrile and 6. Pasteur pipets. 7-cm class, disposable.

buffer solution to achieve 7. Flasks, volumetric, class, lO-mL.

appropriate mobile phase. 8. Syringes, sizes appropriate for preparing standard
14. Buffer solution. Dissolve 15 g solutions.

anhydrous sodium acetate in 1 L 9. Pipets, 5- and 15-mL class, delivery, with pipet

distilled-deionized water. Add 1 L bulb.

methanol. Add glacial acetic acid 10. Hot plate, spark free, 60 *C.

to bring pH to 6.0. 11. Evaporator, Mini-yap, 6-port or equivalent.

15. Urea calibration stock solution, 12. PH meter.

0.01 p.gI/PL urea in methanol. 13. Vacuum oven.

16. Reagent calibration stock solution, 14. 6uchner funnel, fritted glass, medium porosity.

1 .0 pgA/pL l-(2-methoxyphenyl )- 100-mL.

piperazine in methanol. 15. Vacuum pump.

17. Helium, prepurified. 16. Flask, filtration, 500-mL.

*See SPECIAL PRECAUTIONS

SPECIAL PRECAUTIONS: Preparation of urea derivatives, samples, and standards should be done in

hood to avoid exposure to isocyanate and solvent vapors. Isocyanates are known respiratory

irritants. Toxicity of )-(2-methoxyphenyl )piperazine is unknown.

SAMPLING:

I. Calibrate each personal sampling pump with a representative sampler in line.

2.Transfer 15 mL. sampling medium to an impinoer.

3. Connect the assembled impinger to a sampling pump.

4. Sample 5 to 500 L of air at 1.0 L/min.

NOTE 1: Toluene evaporates during sampling; when level of solution drops below 10 mL,

restore volume to 15 mL with toluene.
NOTE 2: The reagent in the sampling medium reacts with isocyanates to form ureas:

CH3OC6HacNC4H4NH + R-NC0 4 CH30C6H4NC4H4NC(=O)NHR

r- Prepare blank samples by transferring 15 mL. sampling medium to 20-mL vials.

6. Transfer the sample solution to a 20-niL vial for shipment. Rinse both impinger parts with

2 to 3 mL toluene and add rinsings to the sample. Secure vial's screw cap with sealing

band. Refrigerate samples as soon as possible. If samples are to be shipped, carefully

pack the vials to avoid breakage or spillage of sample.

5/1518 55212NIOSH manual of Analytical Methods
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METH007 55?' !SC:YAN:Tr,

7. Obtain a bulk sample (' to 2 mLl o' anC the material satet oat6 sneer for an

oolvisocyanate usec a. tne worKSItE. AnalYsis O' samoles preDared tror th's bul mate-la.

will be usefu' Tor ioentityinc ureas oerivec from th Doly1socyanate.

SAMPLE PREPARATION:

8. Add 25 pL acetic annvdride to acetvyate the excess 1-(2-methoxVpnenv' oiperazine

remaining in the sample solution, tO DrOvide for efficient chromatooranhv.

NOTE: The acetylatior reaction is:

CH3 0C6 H4NC4h4NH + CH3 C(O)OC(=O)CH 3 4 CH30C6 H4NC4H4 NC(=O)CH, CH3C(=O)OH

9. Evaporate the acetylated sample to dryness under a gentle stream of nitrooen while warming

to 60 °C on a hotplate.

10. Redissolve the residue in 5.0 mL methanol, while agitating the sample in an ultrasonic

water bath for 15 min.

CALIBRATION AND QUALITY CONTROL:

11. Prepare working standards containing 0.01 to 4.0 pg/mL of the appropriate urea(s) (TOIL,

HDIU, and/or MDIU) and 100 pg/mL of 1-(2-methoxyphenyl)piperazine by adding alikuots of

calibration stock solutions to 2 mL methanol in a 10-mL volumetric flask. Add 10 PL

acetic anhydride to each standard. Mix and dilute to the mark with methanol.

NOTE: The standard solutions need include only ureas derived from the diisocyanates

expected in the air samples and, if polyisocyanates are of interest, ureas derived

from the diisocyanates structurally most similar to the polyisocyanates.

12. Analyze working standards together with samples and blanks (steps 15 through 17). Prepare

a calibration oraph for the urea in terms of quantity of isocyanate group, M (ECHD area vs.

jPmol of isocyanate group per sample). Molecular weights of typical ureas are: TOIU =

558.7 g/mol; MDIU = 634.8 g/mol; HDIU = 552.7 g/mol).

M = (C)-(N)*(5) , pmol/sample

MW

Where: M is the quantity of isocyanate group per sample (pmol)

C is the concentration of urea in the standard solution (pg/mL)

N is the number of isocyanate groups per molecule (eg, 2 for a diisocyanate)

5 is the liquid volume of a sample (mL)

MW is the molecular weight of the urea

13. Prepare control samples by adding 0.1, 1.0 and 10.0 pg of urea to 15 mL sampling medium.

Prepare these samples for analysis (steps 8 through 10).

14. Prepare qualitative samples from bulk polyisocyanate. Using information from the container

or the material safety data sheet, add enough polyisocyanate to react with approximately
1/10 to 1/3 of the reagent in 15 mL of sampling medium. Prepare samples for analysis (in

steps 8 through 10) and analyze. Use the chromatographic date for aid in indentifying

peaks of ureas derived from polyisocyanates.

MEASUREMENT:

15. Set up the HPLC system according to manufacturer's recommendations and to the conditions

given on page 5521-1.

16. Inject a 10-pL aliquot of the sample solution from step 10. Capcity factors for the urea

derivatives are:

5/15/89 5521-3 NIOSH Manual of Analytical Methods
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mor-l Pras Caoacity

isocvanate AcetonitE bufier Sciutor, factor (i
'
V

Z. -TD 301- 70'

MD: 3," 4

PMpr:
t  35'. 65. 10

-4-TD: 407. 601. 3

HDI 40-, 60:r 3

HDI-Bhuretc 40', 60*, 6

(HD,) 3 0 40% 60% 8

ak'= (tr - to) / to . where tr is the retention time of the urea and tO is the

retention time of an unretained compound.

bOne or several oliqomers o- polymethylenepolyDhenyl isocyanate.

C1,3,5-Tris(6-isocvanatohexyl)biuret.

d1 .3,5-Tris(f-isocyanatohexyi)nexahydro- .,$-triazin-2,4,6-trione.

17. Measure peak area with both detectors.

NOTE 1: Use ECHO response for quantitation of ureas.

NOTE 2: The ureas from the polyisocyanates are identified (step 19) oy the ratio of their

response to electrochemical and ultraviolet detection. These ratios are similiar

in value to the ratio of the urea from the diisocyanate to which the po yisocyanate

is structurally related.

CALCULATIONS:

18. Calculate the ratio of the electrochemical detector response to the ultraviolet detector

response for all peaks in the chromatogram.

19. Identify as a polyisocyanate-derived urea any peak in the samples for which the ratio is

between 0.75 and 1.5 times the average ratio given by the urea of the structurally similar

diisocyanate in calibration standards.

20. Read from calibration graph the quantity, M (pmo) per sample), of isocyanate group for

the urea from the isocyanate of interest.

21. Calculate the concentration of the specific isocyanate of interest, CM (.g/m3), in

the air volume sampled, V (L):

CM ' M-MW*10 3/N-V, pglm 3

Where: Mw is the molecular weight of isocyanate

N is the number of isocyanate groups per molecule

EVALUATION OF METHOD:

The stability of 2,4-TDIU in toluene was investigated using groups of six samples stored at

room temperature for up to two weeks or at 4 *C for 1 week with the followinc results:

Storage
Quantity Perioc Storage Percent Recovery,
(g) (days) Temoerature 951 Confidence Interval

1.9 0 room 99 t 11
3.8 0 room 98 = 4

1.9 7 room 78 = 7

1.9 7 1C 8E 7

3.8 7 room 67 6

3.8 14 room 70 ± 11
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Thie oata aemonstrate samp! c i nstab7 ts at roor temperature l about ZL and suocest that tine

samp ies are somewhat unstar ie ever a: .

Lstifiate 0. ift ' .'ts o ' t '.'o'!-. 0 L qS iexrcssed in terms o' the Oudntity 0!

diisocyanate per sample) were maot- irorr the electrochemical-ceteCtor Ca'ioratiori curves used

for the analysis of field samples o- control samples: 2-'.-TDT , 0.1P Sequence 6043,1

.6-TOI, 0.7 pc [1. Sequence 6043]: MD:, 0.-1 po [1, Sequence 601921: HDI> 1 pg [4). The

corresponding l imits of detection (LOOS) were: 2.4-TOI, 0.2 pg: 2.6-TOI. 0.2 pg; MDI,

0.09 pg; Ho:. 0.3 pg. Because the Dolvisocvanates for which authentic standards are not

available must be identified by the ratio 0" the e lectrochemiCal-aetector and UV-oetector

responses, the detection limits for these substances depend upon tne less sensitive UV detector
and, thus, will be hioher.

The use of the ratio of detector responses to identify ureas formed from polyisocyanates and
the estimation of polyisocyvanate concentration by comparing to diisocyanate standards were

evaluated using; samples of commercial, isocyanates. which were MD1- or HDI-based

Polyisocvanates, reacient grade HDI, and a solution of 80'. 2,4-TOI and 20'. 2,6-TDI.. The
M01-based commenicial product, mriB4, was reported to be 50% polymethylenepolyphenyi isocyanate
and 50%. MDI. The HDI-based commercial product was reported to be 44 of the trimer.

l.,3,5-tnis(6-isocyanatohexyl)hexahyoro-1,.5--triazin-2.4,b-trione [(HDIi 3 1, with no HDI
present. Fifty-six samples were prepared and analyzed for isocyanate, 15 from MF184, 12 from

(801)3, 11 from HDI, and 18 fromr TDI. The range of isocyanate group present was 0.078 -

1 .7 pmol per sample as determined from the measurement of the isocyanate by weight or

volume. The average recoveries for these samples usino the procedure described in the metnod

were 61% for MF184, 54% for (HDI)3 , 123% for HDI, and 901. for TO).

The precision of the average ratio of the response of the electrochemical detector to the
response of the ultraviolet detector was determined from the standard-curve oata for the two
detectors. The relative standard deviations were 21%, 12Y., and 14% for 2Ae-TDIU, MDIU, and
HDIU, respectively. The average values of the ratios vary with the HPLC mobile phase

conditions used for analysis.
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[1) NIOSH - Measurement Research Support branch Analytical Report, Sequences #6019, 6043, 6100,
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Liquid Chromatography," Occupational Medicine and Hygiene Laboratory, Health and Safety
Executive, London, U.K. (1987).

[3) Baoon, 0. A.. C. J. Warwick, and R. H. Brown, rr In. Ag. s 45: 39-43(1984).
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Table 1: Synonyms. exoosure limits, and prooerties

Compounds (Synonyms) Exoosure Limits, (19/fi'3 Properties

(OSHA) (NIOSHi (ACGIH)

2 4-TDI 40 40" 40 liquid: d 1.224 o/mL

(Z,4-TDI; 2,4-Toluene 150 STEL Cc 20 *C; BP 251 'C;

diisocyanate; CAS 0 584 VP 1.3 Pa (0.01 mH Hg)

-84-9) e 20 or: MP 19.5 -

21.5 °C

2,6-TDI None 40- None liquid; d 1.22 g/mL @

(2,6-TDI; CAS : 150 STEL 20 °C; VP 1.3 Pa (0.01

91-08-7) mm Hg) @ 20 °C

MDI 200 (ceiling) 50 200 (ceiling) solid (fused); d 1.198

(4,4'-methylenediphenyl 200 (ceiling) a/mL @ 70 °C; MP 37.2 'C;

isocyanate; diphenyl- VP 0.04 Pa @ 24 *C

methane-4,4'-diisocyanate;

methylenebis(phenyl

isocyanate); CAS # 101-

66-8)

HDI None 35 35 liquid i 1.04 g/mL

(Hexamethylene diisocya- 140 (ceiling) @ 20 °C; BP 255 °C

nate; CAS # 822-06-0)

Polyisocyanates None None None refer to material safety

(Prepolymers; the biuret data sheet

derived from HDI: cyclic

trimer of HDI; isocyanate-

bearing polyurethanes)

1 ppm = 7100 pg/r.3 TDI; 10208 pg/M 3 MDI; 7350 pg/m 3 HDI; *'Carcinogen

APPENDIX: PREPARATION OF UREA DERIVATIVE

Dissolve 0.005 mole (1 g) of i-(2-methoxyphenyl)piperazine in 25 mL dimethyl sulfoxide.

Dissolve 0.002 mole (35C-500 mg) of isocyanate in 25 mL dimethyl sulfoxide. Over a period of

1-2 min, gradually add the isocyanate solution to the stirred derivatizing reagent solution.

Warm the resulting solution to 60-90 *C and continue to stir for at least 30 min. Discontinue

heating of the solution and add 300 mL deionized water. The urea will precipitate as a white

solid. Stop stirring after addition of water. Collect the urea in a fritted-plass Buchner

funnel by suction filtration. Dry the compound in a vacuum oven at 75 *C to remove water.

Recrystallize until a constant melting point is obtained.

To recrystallize urea, add toluene (150 mL) to dried urea and warm mixture to 60 OC. Slowly

and very carefully add just enough methanol (BP 65 *C) to completely dissolve the urea. Remove

from heat and allow to cool. Collect the crystals by suction filtration and dry them in vacuum

oven at 35 *C. The urea derivatives and their melting points are as follows:

5521-6
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Diisoc~anates Urea Derivat~jvps MP (ILI

2,4-TDI N,'bs4(-ehxpeylpprielcroy) 212-213
2 '-toluenediamine (2.4-TDIU) (PlateletOl

2,6-TOI N N-i[-2mtoxpey~ieain-lcroy] 231-233

2,6-toluenediamine (2,6-TDIU) (platelets)

MDI tN,N-bis[4 -(2-methoxyphenyl)piperazine-1-carbony1>. 209-210

4,4A-methylenedianiline (MDlt.) (needles)

HDI tN,!'-bis[4-(2-metho~yphenyi )piperazine-l-carbonylj- 199-200

hexamethylenediamnine (HDIU) (needles)
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